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1 
This invention relates fo a device for integrat- 
ing compound quantifies, such as the products 
of force and distance factors, and may be used, 
for example, fo determine the location of the 
center of gravity of a vehicle, such as an airplane, 5 
under different conditions of loading. 
In order to obtain the best performance, the 
center of gravity of an airplane in many ini 
stances must be located within a rather small 
range along the fuselage, almost invariably with- 10 
in the mean aerodynamic chord of the wing and 
preferably closer fo the leading edge of the wing 
than fo the trailing edge. The center of gravity 
Of a partially or fully loaded airplane may be 
disp!aced a considerable distance either forward 15 
or art of the center of gravity of the airplane 
unloaded, depending upon the initial distribution 
of the load and the disposition of that portion of 
the load which is expended in flight, whether 
such load be fuel consumed progressively, or a 20 
disposable cargo, such as bombs released in flight, 
or merchandise dropped in flight by parachute. 
Moreover if passengers or cargo are to be dis- 
charged at intermediate stops along a flight, if 
frequently is desirable fo seat such passengers 25 
or fo stow such cargo af the beginning of the 
fiight in locations such that the center of grav- 
ity will hot be displaced appreciably by removal 
of such passengers or cargo af their proper re- 
spective destinations. 30 
In loading an airplane initially, therefore, if 
is usually desirable not only fo determine the 
center of gravity of the airplane when loaded, 
but also fo calculate, as the loading progresses, 
what shifts in the center of gravity are produced 35 
by the addition of various loads. 
l,Iechanisms for actually balancing, or even 
weighing, an airplane as or when if is loaded are 
not very practical, particularly if the airplane is 
large. If is diflicult, therefore, fo ascertain from 40 
the airplane itself the location of the center of 
gravity of a loaded airplane. - To calculate mathe- 
matically the location of the center of gravity 
as the airplane is loaded is a tedious procedure. 
It is the principal object of our invention, 45 
therefore, fo devise a mechanical integrator ca- 
pable of determining the center of gravity of an 
airplane, or the shift in center of gravity oc- 
casioned by increasing or decreasing the load by 
known increments of weight added fo or removed 50 
from known locations along the length of an 
airplane fuselage, although in ifs broader aspects 
such integrator is capable of integrating various 
compound quantifies, particularly force-distance . 
products. Such device eliminates the necessity 55 
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of arithmetic calculations, being of the graphic 
indicating or recording type, so that an unknown 
factor, such as the center of gravity location, may 
be read directly under any loading conditions, 
for example in percentage of the mean aerody- 
namic chord of the airplane's wing. 
In its operation the mechanism automatically 
takes into accourir the effect of gross weight upon 
the shiftin center of gravity resulting from the 
addition or subtraction of a selected weight. 
Thus if registers, for an initially larger gross 
weight, a proportionately smaller shift in center 
of gravity when a given weight is added off the  
center of gravity than would occur if the saine 
given weight were to be added when the initial 
gross weiiht was of smaller value, and vice versa. 
With the aid of out integrator hot only is the 
location of the center of gravity indicated direct- 
ly at all rimes during the progress of the load- 
ing integrationl but the total gross weight of the 
airplane, or the weight added fo the weight of 
the empty airplane, can be ascertained directly. 
A particular advantage of our integrator is the 
rapidity with which if may be operated to de- 
termine the center of gravity shift effected by 
different loading programs, so that belote an 
airplane is loaded, the effect on the center of 
gravity location of a proposed load distribution 
may be ascertained with little delay by use of 
the integrator to see whether it will be satisfac- 
tory. If if is round that the loading scheme would 
locate the center of gravity in an undesirable 
position, the procedure may be revised as indi- 
cated to be necessary by progress of the integra- 
tion in order to avoid disposition of the center 
of gravity undesirably af any rime during the 
flight of the airplane. Alternatively the desired 
center of gravity location may be selected and 
the integrator will indicate where a given load 
must be placed to dispose the center of gravity at 
such location. 
Preferred forms of out integrator are shown 
in the accompanying drawings and described in 
detail hereafter, but the construction is subject 
to modification as may be desirable to adapt it 
best to particular types of airplanes or special 
"J.ses. 
Figure 1 is a somewhat diagrammatic front 
elevation view of one type of integrator. 
Figure 2 is a diagrammatic view of an alter- 
native type of integrator. 
The types of integrator fllustrated in the draw- 
ings are capable of integrating two compound 
quantities, particularly those composed of force 
and distance factors. Thus two known forces, 



acting at different given distances fïom a refer- 
ence point, may be integrated so that the dis- 
tance from the reference point at which the re- 
sultant force, equal to the algebraic sure of the 
two known forces, will act is indicated by the 
integrator. 
Specifically, for example, if the distance from 
a particular refeïence point of the centor of 
gravity of an airplane under given loading con- 
ditions is known, a selectod weight may be added 
fo or subtracted from such initial weight of the 
airplane af a location a known distance from 
the reference point, and the integrator Will dC 
termine the distance from the reference point 
of the new centor of gravity of the airplane after 
such selected load has been added or subtractod. 
Altornatively, if the weight of the airplane under 
given loading conditions and thë distance of its 
center of gravity from a reference point are 
known, the integrator can determine St what 
distance from the reference point a selected load 
mïlt bê disposed in order fo locato the ïesultant 
Cëitër of gravity ata particular deired distance 
fbni the reference point. 
 I will be understood that a weight is merely 
one species of force, namely, the force of gravity 
acting on a given mass. Consequently our in- 
tegrïtor may be utilized to integrate force and 
distance quantifies generally, although a particu- 
lïrlyvalflable application of if is for determin- 
fiïg the center of gravity shift in airplanes which 
0uld be effected by different loading programs. 
In .the operation of the integrator four known 
6r àssumed factors, two of force and two of dis- 
tkr/ce , afWset up on the integrator, and the com- 
p0sigë rësultant force and the unknown distance 
St Which the resultant force acts are indicated by 
the integrator, or at least the latter factor is 
dicated, upon completing the manipulation of the 
intègator by setting on if such four factors. 
 Ït vill be convergent fo describe the structure 
and operation of our integrator with reîerence 
t0"its utiiization fo determine the shift in cen- 
.êr of graVity of an air]plane for a given loading 
schemè, but the broader adaptability of the de- 
iÇ, as discussed above, should be borne in mind. 
in ùtilizing Oui" airplane center of gravity in- 
terator one must startits operation from a 
kriwn reference condition, including the veight. 
0f tii e airplane and any load which if might have 
af bh initial condition, and the location of the 
Cënte of gravity longitudinally of the airplane's 
fuséi£ge from a known reference point. In order 
to calculate the shift of the cente of gravity oc- 
casioned by aia alteration in the loading of the 
giplane, it is then only necessary to kn0w the 
naoun of weight added or subtracted and the 
location 10ngitudinally of the fuselage af which 
guch weight is added or subtractod. The p0Si- 
tion of the new center of gravity can then readily 
lJe ' determined. 
The shift in the center of gravity position is in- 
l!enced by four factors: first, the total weight of 
the àirplane prior to the loadradJusting opera= 
ioni second, the location of the air.plane's cen- 
ter of gravity under such conditions; third, the 
amount of weight added or subtracted; and, 
fpurth, the location along the airplane fuselage 
at which the weight is fo be added or from which 
if is t0 be removed. The greater the weight of 
the airplane prior to the addition or removal of 
a given load, the smaller will be the shift in the 
center of gravity position prqduced by such load 
adï]ïtion or removal af a predetermined location. 
U.S whn the weight added or subtracted, and 
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the location at which the change of weight is 
effected are integrated with the previous airplane 
weight and center of gravity location factors, 
they must produce a change in the center of 
5 gravity indicating mechanism corresponding to 
the total or resultant weight of the aiïplane. 
In the form of calculator shown in Figure 1 the 
elements for selecting successive weights fo be 
added or subtracted are shown as a large load 
] 0 selector ! having a manipulating handle or knob 
0, and a small load selector ! ! having a handle 
or knob 2. Each of these load selector elements 
is isolated from operating mechanism common 
fo them by clutches |S and |4, respectively. 
)5 Preferablythese clutches are of the self-disen- 
gaging type, so that normally the weight selector 
.element  will be rotatively disconnected fïom 
ifs gear  of such operating mechanism, and 
weight selector element |  normally will be rota- 
20 tively disconnected from ifs gear | of such op- 
erating mechanism. Gears  and |8 are inter- 
connected by an idler gear |? meshing with 
thëm. When either of gears | and |8is ro- 
tatod the other will be rotated correspondingly, 
25 but gear |, rotatable by the srnall load selector 
element | , preferably is much smaller than gear 
5 rotatable directly by the large load selector , 
the ratio of the diameter of such gears preferably 
being 5 fo 1. Gear |8 will always rotate through 
3o an angle which is a predetermined multiple Of 
the angle through which gear |  rotates. 
The location alongthe length of the fuselage 
at which a weight is fo be added or from which it 
is fo be removed Villbe designated by the loca- 
35 tion of the carriage 2 carrying the indicator or 
pointer }, which cooperatos with the scale . 
This scale is shown divided into one thousand 
urgts, representing a convergent but arbitrary 
division of the load carrying portion of the fuse- 
40 lage length into lóáding sections or stations, le- 
ciprocation of the carriage into the desired loca- 
tion may be effected by rotation of the lead screw 
2 threaded into a nut carried by the carriage. 
This lead screw may be rotated to the extent de- 
45 sired for placing the pointer  in line With a se- 
lected graduation Of Scale  by turrgng a gear 
23 through the melium of a driving gear  ro- 
tatable by a knob 2 t0 which such gear is con- 
nected by a shaft . Preferably this shaft is 
50 reciprocable in its bearings by axial movement 
of a handle or knob  so that it may be meshed 
at will with gear , out if desired such knob may 
be àttached dh'ectly to the scew2 2. 
carriage 2 has an arm 3 pivotally mounted on 
55 it, in the swinging end of which is journaled a 
shaft 30, carrying ai one end a friction drive 
wheel and at its other end a gear 32. Such fric- 
tion drive wheel is supported by arm  in a posi- 
tion such that ifs periphery rests on the surface 
0 of one or the other of coaxial cones  and 45. 
Thee cones are supported independent]y with 
their a.xes in alignment, and ther apexes dis- 
posed adjacent to each otler, such apexes being 
located with reference to the scale 21 át a se- 
05 lecte.d referenc e point. Preferably the position 
of such reference point along such scale com'e- 
sponds substantally to the disposition of the 
center of gravity of the airplane when if is 
empty. 
î0 Cone s 4 and g9 are interconnected for simul- 
taneous rotation in opposite directions, such as 
by a gear  secured to cone 0 which meshes 
with a gear  fixed on one end of a shaft 43 ex- 
tending alongside the cones parallel fo their axes 
75 nd projec.ting B.eYond their baseç. The end of 



shaft 43 reniote from gear 42 carries a second 
gear 44, which meshes with the idler gear 
terposed between gear 44 and gear 15. Rotation 
of gear ! 5, elther by weight selector ! ! or through 
the gears ! 5 and ! 7 by weight selector 
rate in one direction cone 4 through shaft 
lnterconnecting such cone and gear J S, and also 
will rotate cone 45 in the opposite direction 
through shaft 43 and tlie gear trains at opposlte 
ends of it. iuch reversal of rotation is accom« 
plished by the interposition of idler gear 45 be- 
tween gears 44 and ! 5. 
The speeds of rotation of cones 4 and 45 will 
be equal, although their directions of rotation 
are opposed, because the drive ratio of gears 
and 42 is the same as the drive ratio of gears 
5 and 44, in the particular instance illustrated 
the diameter of gears 4! and 42 belng equal, and 
the diameter of gears.!5 and 44 being Çqual. If 
will be understood, thon, that the rotation of 
wheel 3! corresponds to the integrated factors 
of weight or force change, established by the de- 
gree of rotation of the gear ! 6, and of load change 
location along the length of the airplane fuselage 
at which such weight change occurs, reflected in 
the position lengthwise of cones 4 and 45 ai which 
wheel 3 ! is set. The direction of rotation of such 
wheel, depending upon whether itis in contact 
wlth cone 4 or 40, corresponds to a shift of the 
center of gravity art or forward, respectively. 
In order fo determine the amount of shlft in 
center of gravity location which will be produced 
by any selected weight change, itis only neces- 
sary to record in some ma.nner the degree of ro- 
tation of wheel 3 ! and fo integrate it with the 
previous center of gravity location and loading 
of the airplane. Such rotation of wheel 3! wfll 
rotate correspondingly gear 32 secured to 
through shaft 30, and in turn gears 
driven by gear 32, which are carried by arm 
Gear 34 is splined or otherwise integrally con« 
nected to a shaft 35, along which it is slidable 
by movement of carriage 2 along lead screw 22. 
As such shaft is rotated if turns gear 36 carried 
by it, which meshes with gear 37 secm'ed to lead 
screw 30, in turn to rotate this screw. 
It will be understood that the gear trains, coin« 
posed of gears 32, 33, and 34, and gears 36 and 37, 
constitute merely a convenient form of trans- 
mission for effecting a drive between wheel 
and lead screw 30. vVlth the transmission fllus- 
trated, gears 32 and 34 being of equal diameter, 
and gears 36 and 37 also being of equal diam« 
eter, lead screw 30 will be rotated af the saine 
speed as wheel 3 , but in the opposite direction. 
The pitch of the thread of lead screw 
lated to the cone angles of cones 4 and 45 and to 
the dlameter of wheel 3 , such that the conter of 
gravity indicator 6, carrying a nut threaded on 
screw 30 which is turned by the gears 32 and 34, 
rotating together through idler gear 33, will be 
shifted along that screw the correct amount in 
one direction or the other. The amount of such 
shift will depend upon the location on cone 4 or 
45 contacted .by wheel 3, and to the. angle 
through which the cones are turned representing 
a giron change in load. Consequently the shift of 
conter of gravity indicator  to the left or right 
along rod 60 which supports it is proportional 
both to each adjustmen t for a change of weight 
in the airplane and to the effective location at 
which such change occurs, as set into the 
chine. In each instance, wheel 3 ! is shifted along 
the cones to the correct location at which weight 
is tobe added to or subtracted from the aircraft 

before the amount of weight added or subtracted 
is set by rotating knob ! 2, for example. 
As mentioned previously, however, the degree 
of shift in the center of gravity position is af« 
5 fected hot only by the actual change in load and 
the location of such load change, but also neces- 
sarily by the total veight of the airplane prior to 
such change. Compensation for variations in this 
total weight factor may be accomplished by ex- 
]o panding or contracting the conter of gravity ref« 
erence scale with which the indicator 5 coop- 
erates, in accordance with the total load on the 
aircraft, so that the scale is expanded more great- 
ly for a larger total weight adjustment than for 
15 a smaller total weight adjustment. This opera- 
tion is accomplished by constructing the center of 
gravity reference scale of a number of movable 
tabs 5! mounted slidably on a supporting rail 52. 
These tabs are interconnected by control mecha 
20 nism movable in response to shifting of the gross 
weight indicator, so that as either of the weight 
selectors is moved to indicate a decreased total 
weight, the group of tabs will be contracted by 
reduction of the spacing between them, although 
25 the spacing between the several tabs remains 
uniform, whereas if the weight selectors are moved 
in accordance with an incïeas in the loading of 
the airplane, the group of tabs will be expanded 
by increasing the spacing between them, such 
30 spacing between these several tabs again being 
uniform. 
The degree of such expansion and contraction 
of the tab group for a giron weight change is 
emed by the factor represented by the tabs. 
35 Preferably they are labeled 0 to 40, representing 
percentage of the mean aerodynamic chord of 
the airplane's wing. The degree of inclination of 
the slots will thus depend on the prticular air- 
plane. The central tab 6! of the series, labeled 
40 26, remains stationary on rail 6, and could as 
well be flxed toit, so that it may be designated 
the reference tab. The tabs at each sie of such 
reference tb more toward or away from it dur- 
ing variation in the tab spacing. In order to 
45 maintain the spacing uniform between the .severl 
tabs in their various positions of adjustment, if 
wfll be e-dent that those more remote from the 
central tab 25 must more frther during each ad 
justment than tabs closer fo such central tab. 
50 The mechanism interconnecting the tabs to ef- 
fect the tab spacing s.djustnïent which we now 
prefer, includes a drum 63 having a series of 
grooves or tracks 54 in ifs periphery, one cor- 
responding to each of the tabs 51. Each such 
55 tab has a suiable follower lodge in ifs groove 
54. The groove corresponding to the reference 
tab bearing the numeral 26 is disposed in a plane 
perpendicular to the rotative axis of drum 63, 
while the remaining grooves are of helical form, 
60 those on one side of the groove for tab 2 being 
inclined oppositely from those on the other side. 
The grooves on either side vary in their inclina- 
tion angle, those nearest the reference tab groove 
 being inclined the least amount, and those suc- 
6 cessively further removed toward the ends of the 
drum increasing progressively in their respec 
tire inclination angles. Moreover, the degree of 
inclination of the grooves at opposite sides of the 
reference tab and spaced equally from it are the 
70 saine, although such grooves are incIined in 
posite directions. 
To set drum 53 corresponding fo the initial 
weight of the airplane, it may be turned direct!y 
by rotating knob 56 secured on the supporting 
75 shaft 55 of the drum. During the integrating op« 
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eratton, however, the drm will be turned by 
rotation of the cumulative weight gear train 
16 and 17 through the drive gear 57 connected fo 
shaft 86 by a clutch 86. When itis desired fo set 
the drum for the initial weight of the airplane 
this clutch is disengaged by endwise movement 
of the clutch disengaging rod 89, extending 
through a central bore in shuft 86 and projecting 
beyond the end of the shaft carrying knob 5, 
where itis enlarged to provide an operating 
button. 
When either of the selector elements I and I I 
are turned, gear 16, secured on the saine shaft 
as gear 18, is rotated and through the cooperat- 
ing gear train 9 meshing with the internal drive 
gear 87, drum 33 is rotated. This gear train is 
arranged so that when gears 8 and 15 are ttu'ned 
in a direction corresponding fo increased load 
movement of load selectors I and II, drum 
will also be turned in the load increasing direc- 
tion. Thus in this particular stance, when 
either of the selectors I and II is turned in a 
clockwise direction as viewed rom the right, 
drm 3 will also be turned clockwise a corre- 
sponding amount. 
As indicated in the drawings, clockwise rota- 
tion of drum 8, as viewed from the right, corre- 
sponds to load increasing movement as desig- 
nated by the total load index pointer  cooperable 
with a gross weight scale marked circumferen 
tially on the drum. As the drum tums in the 
load increased direction the tabs   will be moved 
farther apart by their followers engaged in grooves 
84. Consequently for a given travel of he con- 
ter of gravity indicator 8 along its rod 8, corre- 
sponding to a given additional loading of the air- 
plane, the shift in conter of gravity indicated 
on the scale formed collectively by tabs 81 will 
be less than would .be indicated were the saine 
weight fo be added when the airplane's gross 
weight set into the machine is smailer, spacing 
the tabs more closely. 
In operating the mechanism to detm'mine the 
conter of gravity location of a loaded airplane 
the integrator first may be set to correspond to 
the weight empty condition of the airplane. To 
set the parts in the proper relationship the but- 
ton of clutch disengaging rod 89 is pressed to dis- 
engage clutch S. Knob 86 is thon turned to 
ts, te drum  until the gross weight fa-ctor indi- 
cator Gis set to reister the empty weight of the 
airplane on the gross weight scale on tl]e right 
end of the drum. When the drum is in that ro- 
tative position the tabs 81 will be in thefl" most 
contracted relationship for that particular air- 
craft. 
During the foregoing initial adjustment of the 
drum, crank ] wilt be swung to lift rod  into 
contact with wheel t for raising it out of en- 
gagement with cones 4 and . While the wheel 
is held in that position, knob 28 may be recipro- 
cated fo mesh gear 2 with gear , whereupon 
the knob can be rotated as may be necessary to 
.set the conter of gravity indicator 8 in align- 
ment With the reïerence tab labeled 26, cmre 
sponding to the known center of gravity posi- 
tion of the empty airplane. Without engaging 
clutches .I 3 and I the weight selector elements I 
and  I are rotated to place theirzero weight lines 
opposite their respective index elements. 
With the integrator thus prepared for deter- 
mining the shift in conter of gravity which would 
.be occasioned by a given loading procedure, itis 
manipulated as dictated by the first load which 
is .o :be placed .in the airplane, or the last load 

which wfll be rèmoved from the airplane, depend- 
ing upon the type of technique fo be followed 
throughout the remainder of the lntegration. If 
the integrator is manipulated according to the 
5 loads to be added ai the various stations, the order 
in which such loads are set on the integrator is 
immaterial, the pulpose being to determine only 
the final position of the center of gravity of the 
loaded airplane. On the other hand, if the so- 
lO quence according tO which the loads for various 
stations along the route will be discharged is 
known, if may be preferable fo set them on the 
integrator in the reverse ortier of their discharge 
to determine the progressive shift of the conter 
15 of gravity throughout the flight of the airplane. 
Whichever procedure for setting the loads on 
the integrator is followed, the location at which 
each load is to be placed is first ascertained, and 
knob 23 is drawn outward to place gear  in mesh 
20 with gear 23. With crank 7 preferably swung 
so that rod 6 wfll raise wheel 31 from contact 
with cones  and {}, the knob 8 is thon rotated 
until carriage 2 is shifted alOng lead screw 2 to 
set pointer 2{} in registry with that mark on scale 
25 2  corresponding to the station at which the load 
is to be added. When the carriage has thus been 
positioned, knob 26 will be released to disengage 
gears 23 and 24, and crank 4 will be swung to 
allow wheel 31 again to contact one of the cones 
30 , or 4}, depending upon the location of carriage 
2 along lead screw 22. 
If the load to be added in any particular in- 
stance is more than three hundred pounds, in the 
illustrated case, knob 10 will be shifted to the 
35 left to engage clutch 13 and the clutch knob will 
thon be rotated until the pointer indicates that 
the load to be added at the location correspending 
to the position occupied by the carriage 2 has been 
set on the integrator. If, however, the load to be 
40 added is less than three hundred pound.s, knob 
12, instead of knob I}, ,will be pushed to the left 
to engage its clutch I, and thon will be rotated 
until the pointer indicates that the load to be 
added at the station in quesion has been set on 
4, the integrator. 
lotation of either knob I or knob 12 with 
the corresponding clutch engaged vfll accom- 
plish two operations: first the gear train 18, 
I will rotate shaft 4 and cone 4 in one direc- 
5O tion, and simultaneously, through gears 48, 
42 and 41, cone 40 in the opposite direction'. The 
cone engaged by wheel 31 in turn will rotate such 
wheel and gear train 32, 33, 3, 36, and 37 fo 
turn lead screw 8 for shifting conter of gravity 
55 indicator 8 along rod 0 an amount correspond- 
ing to the rotation of the load selector wheel. 
The position of station indicator 20 along scale 
21 will determine the direction in which indi- 
cator 8 is moved depending on whether wheel 
6O 1 engages cone 4 or cone 9, and the amount of 
shift will be governedby the diameter of the cone 
at the point .of contact as well as the degree 
gear 16 is rotated. The second effect of rotating 
a load selector is to drive gear 18, and by rota» 
65 tion of gears 19 and 8 to turn drum 3 in the 
load accumulating direction to spread tabs 
somewhat farther apart. The resultant relation- 
ship between centre" of gravity location index 
5 and the adjacent tabs 81 forming the conter 
70 of gravity location scale will designate the new 
position of the conter of gravity established by 
addition of such weight, while pointer  will indi- 
cate the new gross weight or total load. 
In similar ashion a c0mplete loading program 
-.5 'mF :be Set .sequentlïilF upon the integrator, in 
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each instance first by shlfting carriage 2 so that 
pointer 20 designates the station at which the 
load is tobe added, and then by rotating one or 
the other of the load selector elements | and | , 
or both of them, until the loading schedule is 
completed. The final disposition of pointer 5 
will indicate the ultimate position of the center 
of gravity. 
Conversely the shiït in the center of gravity 
occasioned by removal in any sequence of loads 
from the airplane may be determined by setting 
the pointer 20 to indicate the load station as 
belote, and then turning load selector |. or | | to 
the load tobe removed before engaging the re- 
spective cluteh |8 or |4. When the selector has 
been set so that ifs pointer indicates the load 
to be removed, and carriage 2 set for the sta- 
tion îrom which such load is tobe removed, the 
selector knob is then shifted to the left to en- 
gage its clutch, and whiie thus engaged, the knob 
is turned untiI the weight selector element bas 
been returned to zero. By such action drum 53 
wilI be ttu'ned in the load reducing direction to 
shift tabs 5| closer together at the same rime 
that cones 4 and 40 are rotated to effect reloca- 
tion of center of gravity indicator 5. 
If will be understood from the foregoing de- 
scription that the calculator may be manipulated 
to predict the shift in center of gravity location 
which would occur at any stage of a loading or 
unloading operation. Conversely, the desired 
center of gravity position for any loading con- 
dition may be assumed and it may then be de- 
termined what weight it may be necessary fo 
add at or to remove îrom a given location along 
the airplane fuselage to produce such dispo- 
sition. Thus, the starting gross weight is indi- 
cated by pointer 6 and the center of gravity lo- 
cation is designated by pointer 5. The carriage 
2 is positioned corresponding to the weight 
change station, and the weight selector  or I 
may be rotated, with its cluteh engaged, untiI 
the pointer 5 bas reached the desired new center 
of gravity position. The reading on the weight 
indicator I or I will then designate the addi- 
tional load or reduction in load requh'ed to effect 
such alteration in the center of gravity position. 
The capabilities of the alternative form of 
integrator illustrated in Figtu.e 2 are generally 
similar to those described in connection with the 
integrator of Figure 1. This device, as a marrer 
of fact, is even more adaptable to use with dif- 
ferent airplanes, is more versatile, and may be 
set somewhat more easily for different initial 
conditions of gross weight and center of gravity 
location. 
In the integrator of Figure 2 the selected 
weight indicator, the loading or unloading station 
indicator, the center of gravity position indi- 
cator, and the accumulated weight indicator are 
all generally of the saine type, each constituting 
a scale on a suitable fixed background and a 
movable pointer or index cooperating with the 
fixed scale. Thus with the selected weight scale 
7 cooperates the pointer 70, reciprocated along 
the scale by a belt 71 engaged with if. The 
loading or unloading station scale 8 cooperates 
with the pointer 59 moved by the belt 8 I. The 
center of gravity position scale 5 bas a pointer 
90 moved along it by belt 9 . The accumulated 
weight scale I g' cooperates with the pointer I 0, 
which is reciprocated by belt 10. Setting of 
the selected load pointer 7 shifts the total weight 
pointer 100 correspondingly, and also effects 
movement of center of gravity location pointer 
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00, unless the disposition of the station selector 
pointer  on scale 8 prior to initiation of move- 
lnen.t of pointer 70 coincides with the location 
of pointer 9 along the center of gravity scale 
5 Belt 7| is reciprocated by rotation of worm 
gear 72 to more pointer  along scale L which 
gear is turned by worm 3 mounted on shaft 
7. Movement of such belt does not itself actu- 
are the integrating mechanism of the device, but 
10 merely serres to indicate the degree of rotation 
of shaft 7 which is effected by turning crank 
. Such crank turning will correspond to the 
a.mount oï weight added or removed incorporated 
in the integration. Since a weight change affects 
16 the gross weight oï the airplane as well as the 
location of ifs center of gravity, shaft 74 may 
be coupled directly with shaft |82 carrying 
worm J03 which meshes with the worm gear 
04 for driving belt |OJ to reciprocate the gross 
2O weight pointer 10O. in order to effect cumu- 
lative rotation of shaft 102 with successive 
Iected weight entries by shaft 74, such shaft will 
be uncoupled frmn shaït J02 while the weight 
selector pointer 7 is being returned toits initial 
25 position after each weight setting operation, and 
then the shafts are recoupled during the next 
rotation of shaft t corresponding to a succeed- 
ing weight addition or removal. The coupling 
of shafts 74 and |. may be accomplished by 
30 clutch  which may be disengaged by pressure 
on button 7 of a clutch control rod extending 
îrom the clutch axially through shaft 74 to its 
end adjacent to crank . On release of such 
button the clutch will reengage. 
5 In order to integrate each rotation of shaft 
corresponding to a weight added or removed with 
the station at which such weight is added or from 
which if is removed, shaft 74 rotates a shaft 7 by 
a skew or worm gear drive connecting them, and 
40 rotation of this shaft in turn reciprocates a slide 
| | 0 in fixed guides  | | by the engagement of spur 
gear 7 carried by shaft 7 with the rack ||2 
mounted on and extending lengthwise of slide | | 0. 
Integral with one end of slide  | 0 is a head in 
45 which a screw | |3 is journaled to rotate about an 
axis extending transversely of the slide. This 
screw carries a nut | | 4 in which is secured a pin 
| |5 slidably received in a groove | formed in 
one end of an integrating bar |L This bar is 
50 swingable about a fixed pivot 118 Iocated sub- 
stantially midway between its ends and spaced 
hm pin | | 5 by a distance proportional to the 
mean aerodynamic chord divided by the fuse- 
lage length represented by scale 8. A groove | | 
55 extending lengthwise in the opposite face of bar 
| |7 receives a pin $2 of station locator mecha- 
nism. If the station at which a weight is tobe 
added or from which it is to be removed is lo- 
cated other than at the center of gravity of the 
6o ailane prior to such weight change, pin 
must be shifted along slot | |  correspondingly. 
Such shift is coordinated with the movement of 
the station indicating pointer 0 along the sta- 
tion scale . 
5 The mechanism for effecting coordinated 
movement of the pointer $ and the pin $2 in- 
cludes a crank $3 which turns shaft $4. This 
shaft carries a worm $5 meshing with a worm 
gear $ which is secured to the driving pulley of 
70 belt $ to reciprocate pointer 80. The same 
shaft $4 carries a bevel gear 07 slidably splined 
on if, which meshes with beveI geai" 7' secured 
to screw $$ on which a nut  carrying pin 
is threaded. In order to insure that any given 
75 ]ocation of such pin along screw $ corresponds 
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-pi'operly te the poiït on cale 8 designated by 
pointer :80,.a norlually engaged-clutch ]' luay be 
interposed:between the parts Of shaft 84 carry- 
ing worm 85 anal bevel gear 87, ïespectively, 
,which luay be disengaged by pressure on the but- 
ton.adjacent te crank 83 0f a.reciprocable clutch 
.control rod 83' extending :through shaft 84, te 
.enble the.woïm te be turned by crank 8. with- 
out ï0ta$ing the bevel gearsand screw 8. 
crew 8 is oualed in the head or cïossaïm 
|!0 .of the,slide tt, which Slide is linearly 
cpïocable .between guides |,22 in .a direction per- 
pendicular .te the rotative axes of screws 8 a]d 
it3,-and prallel te 'the line of reciprocation of 
:slide | t 0. This :slide t  t-is alïgned with the pivot 
t.t8 as a matter of convenience. Preferably the 
-Screw ' 88 should «extend approximately equal dis- 
 -tances t opposite sides o that pivot, the length 
of which screw corresponds te the extent of the 
loadcaïïying zone lengthwise ofthe uselage. 
Slide t2t is operatively connected te luove a 
-second Slide | 2 ] ïecipïocable in -guides t   -a!ong 
:a path païallel te that of slide t|. Preferably 
the direction and degïee of ïeciprocation of slides 
-t]t and |] are the SalUe when they are opera- 
tively-inteïconnected, although the intercon- 
neCting ch'ive means may effect a magnification 
or diminution of movement se that slide t23 wfil 
beluoved more or less thans]ide 2t for a given 
luoveluent of such latter slide. The operative 
connection between these s!ides is illustrated 
 aS geaïing «, including a spuï gear t] lueshing 
.with a rack t caïried by slide tt, which gear 
tuïns shaft t27 carrying a second spur gear 
lueshing:with a rack t2] on slide t.2. The con- 
tection between the-slides should be disengage- 
]31e te enable thelu te be-set independent]y of 
eách other. Slïde t] my be-set by turning 
cank' 8' .te rotate-the spur gear . $. Gear  25 
.will net be-driven if the portion of shaft 27 be- 
çweenhe two spur gears :is disconneeted by dis- 
ëngageluent of -a 'self-engaging clutch  27' in- 
«corporatel in .it, Which =luay .be effected by press- 
.ing the button-adjacent te crank (8' on a re- 
 c!procable Clutch-actuating rod 125' extending 
-through.a boi'e in shaft . 27 .te :the clutch. 
Sliïle .2 luay .be reciprocted cumulative]y 
cdrresponding o the-addition or removal of 
.loads sequentially .at differing loading .stations 
".long .an airplane Iuselage .representel, by luov- 
=ing .slide :2 sUccessively. The moveluents of 
s]ide 2 canbe accumulated onslide 23 by dis- 
engaging clutch :127' while returning the unit 
weight seIector .luechanism te its starting 
tionby rotating crank 75 preceding  esçch weight 
.changing manipulation, of the mechanism. The 
incremental shifting of.slide .23 isthus effected 
 only by shifts of slide 21 corresponding :te load 
chang'es. If the effect of the addition of succes- 
sive loads.isbeing deterluined, each weight-add- 
ing luanipulation of the .mechanism luust be 
stared when pins-82 .and 5 define a line 'per- 
"pendicular te the directions of movement of 
slides 18 and 2(. In that relationship of the 
partscrew 88 and its nut 89 willbe parallel te 
'the pivoted integratingbar  7, and nut  t-4 and 
screw 13 will ;be disposed in overlying registry 
.with oneend of such swingingbar. This disposi- 
tion of the screw  3 and its supporting frame 
will net interfere with the luounting for pivot 
'18, "because-they lie .af one :side-of-suCh pivot. 
;Conversely, if the lueclianislu is te be luanipu- 
laed corresponding te =successive ren]oval of 
loads, in its starng position the screw -3 and 
bar I1" will be displaced frolu-superposed regis- 
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try, and.arlu .I.20 .also will be displaced frein.pivot 
.II8, and these arts will then be brought ino 
supeïposed registy by rotation of crnk  te 
comp]ete the particular mapulation. 
5 Since the bevelgear  and the slie head 
for scz'ew 88 are freely slidable.along the splined 
portion of shaït 84, swinging of integrating bar 
  wil] eect such slioEng i the bar is swung 
about its pivot  (8 whem pin 22 is in a position 
10 eccentric of such pivot, on whichever side of the 
pivot it may be. 'e only differmce i ths, t 
clockwise swinging o the integaing bar when 
pivot 8 is on the saine side of pivotH8 
il  ill ..move slide i.21 in the saine diz:ection 
i slide B, .where such slide will be 
the drection 'opposite thaB of slide .0 if the 
pin 8-is at the side of the integratiug bar pivo 
remote frein pin ( , as shown inFigure 
side of pivot   o which pin 2 i disposed and 
Z0 ifs distance ;from such pivot will, of course, be 
eterned by the direcom and degree of 
ation of crk83 o turn shaft 8 and crew 8;, 
isposition of the pin coincient with-such pivo 
corresponding te the locaon of pofi]er.SO rel- 
Z3 ve te scale 8 at the reference point relative te 
which the center of gravity of the airplane isde - 
termined. e reference pot is preferably 
cated near the center of gravity oî the uloaded 
airplane. 
30 S]ide .0 wiH always be shifted te the-rigl]t, as 
seen in :Figure 2 frein a position in which a line 
oiningpin Hand pivot (8 is perpendicular 
s]ide 10 by rotaon of crank ;5 in a direction 
correspondin ;te a load adig .manipulaçion of 
3 themechanism. If:aload i3 te beïemoved,tho 
operation of the luechanism will be 
with pin 5 locted in a starin position di- 
placed te the riht of pivot (.l correspondin 
 the magtudeof suchload-to be-removed, 
40 thencrank 5 will beturned until pointer 
been returned te registry with the zero load 
point of scale , When ïthe line oinh] pin -t 
and pivot '8 again WiHbe erpenicùlsr te 
direction of -movent 0f slide '  . 
q ]e Che movememt of slide 23 corresponds 
te successiveintegraons 0f ]oad changes  vari- 
eus stations along the airplane fuselage, it 
still neessary te integrate with its movement 
effect of an increase or decreased gross weight 
0 of the airp]ane in order te determine the true 
shift in the-cener of gravity effected by a given 
load change ata selected location, as pointed out 
in describing the other ferre of out invention. 
Comsequently the cumulative weight shaft,(6 is 
 operatively connected te the center of gravity in- 
dicating mechanism conjointly with slide 
Such con6cting mechanism is shown es 
ing a shaft . perpendçculr tosuch slide and 
 shaft (g2, and driven by beve] .gears 16 frein 
0 shaft 
Shaft 15 carries a screw-(0 on which 
threaded-a nut .8. This nut is mounted on a 
sde  30 reciprocable ]engthwise inguides 13 ( in 
a direction perpenoEcular te the direction of re- 
¢ ciprocatiom of the integrating s]ide 23. The 
lengthwise disposition of slide - controlled by 
-the position of nut 8 along screw 0 regulated 
by its interconnection .with shaft 102 through 
gers 6, is a]ways coordinated with the posi- 
70 tion of the gross weightpoimer 60 alon scale 
0'. Any itial setting of the slide 30 s.nd 
pointer (Oû may be established by rotation of 
hndle 09 in oe--direction or the other te tu 
screw  and shaft 2 whfle clutch 6 is disen- 
T5 .gaged. 
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To integrate changes in the gross weight of extend below the lower limit of travel downward 
the airplane with weights added or rernoved suc- of slot ,33 when slide ,30 is in ifs lowerrnost 
cessively, and the locations at wh,ch such re- position and slide ,23 is in ifs position farthest 
spective weights are added or rernoved, pinion 92. to the right. 
wh, ch is secured to the dt,ve pulley for belt 9, 5 In  operating the mechanism of Figure 2 ïor 
operable to shift the center of gravity location determining the final centeï oï gravity position 
indicating pointer 90, is rotated as a function oï a loaded airplane, rod -/-/ is pressed fo disen- 
both of variations in gioss weight and weight gage cluteh -/6, and then crank ,09 is turned un- 
change increments by interconnecting both gross tri the pointer ,00 indicates on scale ,0' an ini- 
weight si.de ,30 and load change and station lo tial weight condition, such as the weight of the 
integrating slide ,23 with arrn 93. Swinging of airplane empty. Wh,le cluteh -/6 is still disen- 
this arm about its fixed pivot pin 94 turns an in- gaged, crank -/8 is turned until pointer -/{} is in 
ternal gear quadrant 96 carried by such arrn registry with the zero mark of scale -/. Screw 
and rneshing with pin, on 92. , '3 is turned to shiït nut, ,4 along if, depending 
The Interconnection of slides ,23 and ,3{} with t5 upon the dimensions, in particniar the fuselage 
arrn 93 may be effected by providing slots in each length: of the airplane to be loaded. If will be 
of these rnernbers, the slide slots extending trans- recalled that the distance between pin ,, 6 and 
versely of, and preferably perpendicular fo the the axis of pivot,, 8 is proportional to the rnean 
directions oï rnovernent of, their slides, respec- aerodynarnic chord divided by the fuselage length 
tively, through all of wh,ch slots extends a coin- 20 represented by scale . 
mon pin. The slot 96 in arm 93 extends length- The button of clutch-actuatflg rod 3' is 
wise of it, preferably in alignment with pivot {}4. pressed o disengage cluteh $4'. and crank 83 is 
Such arm underlies an arm ,32 extending turned, if necessary, to coordinate the loading 
transversely of slide ,3{}, having in it a slot ,3, station indicated by pointer 8{} on scale 6 with 
and wh,ch, as previously stated, is perpendicu- OE5 the position of nut {}, and then the button is 
lar to the path of movement of such slide. Simi- released to enable the clutch to reengage. Point- 
larly slide ,23 bas an arm or head ,34 extend- er 8{} should designate the reference point on 
ing transversely of,t, preferably perpendicularly, scale 8 when pin 82 is aligned with pivot 118. 
wh,ch is slotted ai 135. Pin 9"/ passes through With slides ,,0 and ,2, disposed so that a line 
and lits closely in all the slots 96. ,33, and ,3, 3o joining pins 82 and ,, is perpendicular to the 
wh,ch coordinates the movement of slide ,23. paths of movement of these slides, the button of 
slide ,30, and arm 93, such slots being long clutch-actuating rod ,2' is pressed to disen- 
enough so that the rnovement of either slide is gage clutch ,2-/', and handle ,28' is turned until 
not intheleastrestricted, pointer 90 indicates on the center of gravity 
The change in location of pin 9-/ is always ac- 35 scale 9 the initial center of gravity of the air- 
cornplished by the relative rnovernent of slides plane under the loading conditions for wh, ch 
,23 and ,30, such slides usually moving con- pointer ,00 is set on scale ,0'. When the center 
jointly. Rotation of crank § to turn shaft -/ of gravity is at the reference point arm 93 will 
corresponding to an increase in the load of the be parallel to slide ,3{}. The mechanism is then 
aircraft will effect reciprocation of slide ,23 40 in condition for manipulation in accordance 
either to the right or to the left, uniess the load with the loading procedure. 
location pin 82 is aligned with the integrating Crank 83 first is turned fo shift the pointer 
bar pivot ,, 8, and simultaneously conjoint rota- 80 along scale 8 in one direction or the other as 
tion of shafts ,{}2 and ,08 will rnove slide ,3{} may be necessary to indicate the station at 
downward, as seen in Figure 2, so that a given 45 wh,ch the first load is to be added. Crank -/8 is 
rnovement of slide ,23 wfll have less swinging er- then rotated to move pointer -/0 from the zero 
fect on arm 93 than it would have otherwise, mark on scale -/ to the point on the scale corre- 
The reason for effecting this action is that the sponding to the weight of the added load. The 
greater the weight of the airplane the smaller resulting rotation of shaft -/4 wfll move pointer 
will be the shift in center of gravity location ef- 50 ,00 along scale ,8' to indicate the new total 
fected by the addition of a given load at a selected weight of the airplane with _the load added; and 
location lengthwise of the airplane fuselage, s!ide 130 wfll be moved downward correspond- 
Because of the influence of the total weight of ingly to shift pin 9T away from the pivot 94 of 
the airplane on the degree of shift in the center arm 93. 
 of gravity for a given loading change, it wfll be 55. In addition fo shifting the gross weight 
evident that the extent of possible reciprocation mechanisrn, rotation of shaft -/4 by crank -/6 wfll 
of slide ,${} must correspond to the range of air- turn shaft -/8 to move slide ,{} to the right in 
plane weight change from its weight empty con- Figure 2 from a location in wh,ch its screw ,, 3 
dit, on to ifs maximum gross weight condition, is aligned with pivot,, . The engagement of pin 
since the travel of nut ,{}6 along the screw ,{}-/ 0 , , in groove , , will swing integrating bar , ,-/ 
corresponds to such weight variation. The in a clockwise direction as. si.de ,,{} is thus re- 
length of slot ,38 rnust be at least as great as the ciprocated, the degree of swing depending_on the 
total weight change travel of nut ,{}6, so that en- extent crank -/ is turned and the distance be- 
gagement of pin {}-/ with an end of slot , 3 will tween pin ,,  and pivot,, . If the load is to be 
hOt lirnit the travel of nut '{}$ within its operat- 65 added to the airplane at a station corresponding 
ingrange, to the location of pin $2 shown in Figure 2. 
To prevent restricting the movernent of slide swinging of bar ,,-/ effected by such movement 
,23 within its operating range, slot ,33 in arm of si.de ,,{}, wfll shift pin $2 to the left. effect- 
,32 should, of course, extend ai least over the ing corresponding reciprocation of slide ,2,. It 
rnge of travel of slide ,23. The upper ends of 7O wfll be evident that for a given movement of pin 
slots {}6 and 3 should hot be lower than the ,, to the right, the distance slide ,2, is shifted 
maximum upward travel of slot ,33 when the wfll depend upon the degree of eccentricity of 
first two Slots are in iegisiry, in which relation- pin 2 from pivot , . wh,ch determines the 
ship slot ,$ is aligned with pivot {}4 of arm {}3, leverage of bar ,-/. If such pin should be 
and the lower ends of slots {}6 and ,38 should 75 aligned with the integrating bar pivot, si.de ,2, 
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,w.oIld -noç. be.moved a.t:gll .however .muchlin .!t§ 
might be shi%ed. hen .pin : is blow pio 
. 8 as seen .in he .awing, moemen-.oï slide 
[ o he righ will shif slide [2 ,'he.leï. 
-Converse!y, if .pin 82 .s-above pivo l:[ï8 as :seen 
in he drawing, he :sarne ,mo.vemen of .slide [ 
would shif slide [.[ :also . he righ. Iï, 
.such case, pin 82-should be-disposed :coailly 
wih .pin fi, .slide [ would be shiïed o he 
rghç an amoun equl  hemovemen.of slide 
 ., whereas ot;nerwise he movemen of sli.e  2 
would be greaer or less hn he .movemen of 
lide [i, depending .un wheher pin 82 
dsposed farheï" from or closer o pio [  han 
he distance of pin [. from suoh _pio. 
The reciprocaion of slide-2[ effected by he 
movemen .of slide    described «ill ,reciroc 
slide l3 an equal amoun :in he sme direc- 
tion if gears  and 2 areequl .insize, bu. in 
ny even he reciprocaion oïslide . ] .will-cor- 
respond in diecion .and amoun o he-move- 
men of slide 2. By such movemen.of.slide 
12] arm .9]-will be swung conjoinly from 
saring posiçion, and poiner9 .will be .moved 
correspondingly. 
Belote he nexç load-adding manipulation of 
he mechanism he buon of cluchcuing 
rod ] will-be pressed o disengage cluteh ]@, nd 
 he-saine ime cluchreleasing rod -2' will 
be pressed.o disengge cluch 2]'. Wiçhthese 
cluches hus .disengged cçnk ]-can be urned 
unil pointer ]8-has been moved back o hezero 
point of scle , at which-time pins:82 and 
gin wfll be disposed in  line rpendicular fo 
She path of movement,of-slide. l. he.buttons 
oî cluteh-actua.ing rods  nd 2' re then 
relesed  effect reenggement of clutches 
and 2'. 
Next crank 3 will-be-turned to shift pointer 
-along scale  to the station at which the suc- 
ceeding contemp!atedload.is  beadded,-for-po- 
.sitioning pin $ in the cozresponding _lo.cation 
alon .i .groove L9 by rotation of screw 
The crank 5 is now turned  .more pointer 
.along scale  a distance corresponding to the 
second load.to be added..As belote, the accom- 
panying rotoEtion of shafts 14 and ]8 will.recip- 
rocate s!ide - .to swing integrating arm 
about its pivot ., for reciprocating in t.u 
slides  .and .1.3. Ai the sme rime the rota- 
tion of shaf J turning screw  will more 
nut  GS. farther .downward, so that. again the arm 
93 will be swung.as a function both of,the move- 
nent of the gross weight change element. nd 
the individual or selected.added load or.force ele- 
ment $, the novement of the latter.element.be- 
ing correcSed for the.oEstance.from the.reference 
point ai which the force.of the added load acts. 
The resultant swinging of arm.3 .will,. of course, 
turn gear.sector   rotate.pion  for shift- 
ing-pointer 9 along scale  to indicate'the new 
location ofthe center of_gravity, 
The mechasm may be. manipu!ated,similrly 
correslonding to the addition 0f any number of 
successive loads within the-capacity _of the de- 
vice, in each instance the clutches 16 and 
eing re!ease and the individual load mecha- 
nism returned to the zero :position, .after .which 
the clutches are reengaed and .station pin  is 
set for the next weight.adding manipulation. 
I.,ike the other .rotin.of mechasm, his. davice 
may. be operted starting ai a .gross weight, of the 
loaded airplane and a known center of gravity 
.location,.and mampulated fo correspond to suc- 
.cessive.remoal of loads from .different :statons 
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on the airPlne, alternatively .to its lse, as.de- 
scribed, to determine the effct :on .he center "of 
graity location..oï adding successive loads. For 
suchoperation the pointer 70 will be.set .on scale 
.5 1 and the pointer 811 on scale 8, while.he.clutches 
15 and |1' are disengaged, to indicate the load 
.to be removed and the station at which it.s 
cated. After the clutches .bave Been reengaged 
crank 7 will  rotated to return pointer .!) to 
10 the zro position on scale . In that tFpe-of-op- 
eration, of course, the gross weiht inlicator 
will be moved in a direction representing a .de- 
crease in the gross weight of the.ailplane. 
Moreover, such weight addin and.wei.ght.re- 
15 movi-ng «nanipulations may be intermingled in 
.any.sequence. Similarly,.if an-error is ruade 
any. rime, or if it is desired to change the loading 
or unloading plan, the mechanism may ie.0per- 
ated in reverse to remove the effect,oï the unde- 
20 sired step, and its .operation continued ,thre- 
after either by--manipulation corresponding ._to .a 
-substitute loading or unloading step, orby merely 
omitting any substitute step if desired. 
.Instead of manipulatin the device by select- 
25 ing..a ,gi,en load to be .added to or removed from 
the airplane, the .gross weight indicator., Illl may 
be set ai a position corresionding to a.given.load- 
ing-of the airplane by turning crank 7 with 
clutch  engaged, and then, with clutch .|-2' 
.30 disengaged.by pressure on the.button.of clutch- 
.actuating .rod i2', crank | 28' .may be turned un- 
tri-the indicator ll designates the center of grav- 
ity location .of the airplane thus loaded. W.ith 
the gross weight and center of.gravity indicators 
35 thus positioned clutch -fi may be disengaged and 
crank ] turned to return pointer illl to the.zero 
mark.oï.scale 7 to dispose screw I I :of slide 
in overlying.registry with screw l] of-slide.II 
If.the actuating rods.of clutches.7 and l.l' are 
40 now-released to effect reen2agment oï these 
clutches, and .with pin 82 set along screw $8.cor- 
responding to a selected-loading station, crank 
"5 .may be turned until pointer 911 indicate 
desir-ed new center of ravity position on calc 
45 9. OEhe location oï pointer -71 vill then designate 
on ca]e ] the toad which must be added ai .the 
station selected to locate the center oï.gravity in 
snch desired position. 
Alternatively, .the pointer | may be set ith 
50 respect to.the scale lt' to indicate a 2"iven gros 
weight condition and .pointer 9, set on scale 9 
to dejnate a correspondin center oï gravity 
position in the manner previo:dsly descri.ed,.after 
which the location at which a selecte_d.load 
5 be added to relocate the center of.g!'avity in 
desired manner can be determined. oEithou!; 
regard to the position of pointer 80 alo,, scalc 
, crank '5 may be turned to more pointer t0 
from a zero.startin2" position'to that correspond- 
0 .in.ato the selected load to be added. Ther.eaftar 
crank't]3 may be turned until the pointer 9 d¢- 
sgnates the desired new center of .graiity poi- 
tion on scale'.9. Pointer ll will then indicate on 
sca]e  the station ai which the selected load to 
 be added must be placed.in order to dispose the 
center of ravity in the stipulated position, 
.It will be seen, therefore, hat starting vith 
an initial known ïorce and distance re!ationship 
ae.t into the.integrator, such as the gross weiht 
70 and center of gravity location of an airplane, of 
the..additi0nal three. ïactors includin.incremen- 
tal !orce change,.such as a load to.be added or 
removed,,the distance from a reference point 
which such force acts, .such as the station .ai 
75 which the incremental load is to.be addedor ïrom 
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which  is fo be removed, and the final distance 
from the reference point at which the resulting 
force acts, such as the new center of gravity lo- 
cation, any two may be set on the integrator in 
addition fo the initial force and distance quanti- 
fies, and the third factor can be determined by 
effecting the proper factor-setting manipulation 
of the device, as described. Also the new total or 
resultant force may be indicated, if desired. 
We claire as out invention: 
1. A machine for determining the center of 
gravity location of a composite load, comprising 
total load means movable in accordance with 
changes in the total load, added load center of 
 gravity location means settable fo indicate the 
center of gravity location of a load fo be added, 
composite load center of gravity location means 
movable fo indicate the center of gravity location 
of the composite load, added load means movable 
fo represent a load fo be added, said composite 
load center of gravity location means including 
a pointer movable by said added load means and 
a series of movable center of gravity position tabs 
cooperating with said pointer, means operatively 
connecting said added load means fo said com- 
posite load center of gravity location means, and 
controlled by said total load means and said 
added load center of gravity location means, and 
operable fo effect movement of said composite 
load center of gravity location means by and 
during movement of said added load means fo 
represent a load to be added, said total load 
means and said added load center of gravity lo- 
cation means controlling the degree of such 
movement of said composite load center of 
gravity location means thus effected by said 
added load means, disconnecting means operable 
to disconnect said added load means fo enable 
resetting thereof, independently of said total 
load means and said composite load center of 
gravity location means, fo an initial position for 
subsequent setting of said added load means in 
accordance with additional added loads to be 
integrated with the total load and its center of 
gravity location, and means movable to vary the 
spacing of said tabs by movement of the total 
load means in accordance with chan2'es in the 
total load. 
2. A machine for determining the center of 
gravity location of a composite load, comprising 
total load means movable in accordance with 
changes in the total load, added load center of 
gravity location means settable fo indicate the 
center of gravity location of a load fo be added, 
composite load center of gravity location means 
movable to indicate the center of gravity location 
of the composite load, lever means operable fo 
effect movement of said composite load center of 
gravity location means, added load means mov- 
able fo represent a load fo be added and being 
operatively connected fo swing said lever means. 
means cooperating with said lever means and said 
added load means and controlled by said total 
load means and said added load center of gravity 
location means fo vary the position along said 
lever means ai which the added load means act 
for varying the degree of swing of said lever 
means by a given movement of the adled load 
means, and thereby the movement of said com- 
posite load center of gravity location means, by 
and during movement of said added load means 
fo represent a load fo be added, and disconnect- 
ing means operable fo disconnect said added load 
means fo enable resetting thereof, independently 
of said total load means and said composite load 
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center of gravity location means, fo an initial 
position for subsequent setting of said added load 
means in accordance with additional added loads 
to be integrated with the total load and ifs center 
5 of gravity location. 
3. The machine defined in claire 2, in which 
the composite load center of gravity location 
means includes a pointer and a scale relatively 
movable, the lever means being operable to effect 
10 such relative movement of said pointer and said 
scale. 
4. A machine for determining the center of 
gravity location oï a composite load, compris- 
ing added load means movable fo represent a 
15 load to be added, a conical cam rotatable by 
movement of said added load means in repre- 
senting a load fo be added, composite load cen- 
ter of gravity location means including a mov- 
able pointer and a series of movable tabs coop- 
20 erating with said pointer, drive means operable 
to effect reciprocation of said pointer relative 
to said series of tabs, and including a wheel en- 
gageable with and rotatable by said conical 
member fo effect pointer reciprocating move- 
25 ment of said drive means, said wheel being mov- 
able lengthwise of said conical member to en- 
gage portions thereof of varying size in accord- 
ance with the center of gravity location of the 
load fo be added for which said added load 
30 means is moved, and total load means movable 
by successive movements of said added load 
means fo represent successive loads fo be added, 
and operable by such movements progressiely 
fo decrease the spacing of said tabs of said com- 
35 posite load center of gravity location means. 
5. A machine for determining the center of 
gravity location of a composite load, comprising 
added load slide means reciprocable fo represent 
a load fo be added, added load center of gravity 
40 location means reciprocable in accordance with 
the location of the center of gravity of a load 
tobe added, integrating slide means operatively 
connected to said added load slide means and 
fo said added load center of gravity location 
45 means, and reciprocable by reciprocation of said 
added load slide means to a degree controlled 
by the reciprocative disposition of said added 
load center of gravity location means, composite 
load center of gravity location means, lever 
50 means operable fo more said composite load 
center of gravity location means fo effect indi- 
cation thereby of the center of gravity location 
of the composite load, connecting means inter- 
connecting said integrating slide means and said 
55 lever means and operable fo effect swinging of 
said lever means by reciprocation of said inte- 
grating slide means, total load means operatively 
connected fo said connecting means and operable 
fo control said connecting means for varying the 
60 degree oï swing of said lever means effected by 
a given movement of said integrating slide 
means, and load accumulating means opera- 
tively connecting said added load means and said 
total load means, and operable fo effect pro- 
65 gressive movement of said total load means by 
successive load adding reciprocative movements 
of said added load slide means. 
6. A machine for determining the center of 
gravity location of a composite load, compris- 
70 ing added load slide means reciprocable fo rep- 
resent a load fo be added, added load center of 
gravity location means reciprocable in accord- 
ance with the location of the center of gravity 
of a load fo be added,, integrating slide means, 
75 first lever means operatively connecting said 
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..kdded load slide .means, said added 10ad center 
of gavity location means, and said integrating 
slde means, and oPm'able to reciprocate said in- 
egrating s]ide means by recprocati0n of said 
added load siide means fo a degree controlled by 
.:çhe reciProcative disposition Qf said added load 
center of gravity location means, composite load 
center of gravity location means, second lever 
means 0perable to more said composite load cen- 
,r-of .gravity location means fo effect indica- 
tion thereby of the center of gravity location of 
.the. composite load, connecting means intercon- 
..neçtin.g said integrating slide means and said 
se.çm!d levier means and operable fo effect swing- 
..ng of said second lever means by reciprocation 
..ofs.aid integrating.slide means, total load means 
.p.eraively. connectçd fo said connecting means 
and 0perable fo. control said cennecting means 
,for varying the dcgree of swing of ,said. second 
...iever rnens effected by a given- movement of said 
:integating slide means, and load,accumu]atng 
means 0peratively ,connecing said added load 
means and. said total load rneans., an d opm'able 
to effect,progressive movement of said total lord 
,ma ris bY successive ,!oad-adding reciprocative 
,.m0vements of sad dded load s!ide means. 
7. The machine defined in claim 6, and adJust- 
.ipg means interc0necting the added load:slide 
mean s and the.first lever means,,.and adjustable 
«.to...ar.y the degree of swinging of.,the first lever 
::mens effected by a given recprocative more- 
ment of the added lad slide means. 
" I,8.-A .machine ,for determining location of re- 
..sultn forces or,.for simiiar integrating 0peau- 
tions, comPrising a first means, settable-to rep- 
resent the resultan if0rce, a second means co- 
Oprable with said.first .means and operable to 
ïp];çsent the location. Qf. said force, relative fo a 
..... reïerence point,, a ird means settable.to repre- 
sent a force component of said resultant force, 
.a: ourth means settable fo represent the loca- 
ri.on of such force.comportent with respect to 
such reference point, means interconnecting said 
.third and first mean s and operable fo adjust the 
.setting .of sad .fist means compensatively by 
:the çperation of setting: said third means, mçans 
.interc0nnecting -said secon d, third and. furth 

means and operable fo. shift the.position of,said 
second means by the operation of.setting.said 
third means, by an amount determined opera- 
tively by the setting of said.fourth means, and 
5 .disengaging means selectively/operable to .dis- 
connect said second means fr0m said third 
means to enable resetting of said third means 
independently of said sec0nd.means ,fo. an.ini- 
tial position for a-subsequent.perative POSition- 
10 ing of said second means, w.hile .said second 
means is interconnected, wth said thid means, 
by ,the operation of setting said third means in 
accordance with a third force.ai a selected lo- 
cation vith -respect fo. such reference point, fo 
be algebraically, combined with the resultant 
force for which said first means is set provipus!y 
to.determine the location with respect fo such 
reference point of the.new resultant force. 
9. The integrating machine .defmed in-caim 
..20 8, and additional..di$engaging meansselectivey 
operable fo disconnect the/first and .third:means 
to enable resetting of the third-means,:inde- 
. pendently of .the .first means to an-nital ,posi- 
tion for a subsequent operative.adjustment, of 
.25 said first means .by the operation of setting the 
third means in accordance vith such-third foce 
fo ,be algebraically combined vith the resultant 
force for which the first means was set:.pe- 
vious]y. 
,30 10. The integrating machine deflned in claire 
8, and disengaging means ïor the ,fourth means 
to enable setting thereof independently of the 
.third .means ino different cooperative., positions 
.vith respect to the .third means. 
35 ' CLIFFORD L. HECKARD. 
BERGE:: &NDERSON. 
REFERENCES CTED 
 .The following .eferences are of record in the 
40 file of this patent: 
UNITED STATES PATENTS 
Number Naine Date 
2,179,822  Imm .............. -Nov. ::14,- 1939 
.45 2,319,322 I-Iefel ............. ,May 18, 1943 
" 2,373,504 Schlieben et al ...... Apr. 10, 195 
2,373,566 mm ............... Apr. 10, 1945 



